In the preceding paper, it was shown that the rat became tolerant to some psycho tropic drugs when blockage of the conditioned avoidance response was estimated as an index of tranquillizing activity (1) . In the course of these studies, a statistically signi ficant difference was obtained between male and female rats in the development of tolerance upon the repeated administration of chlordiazepoxide and thioridazine. The purpose of the present study was to determine whether sex hormones are primarily con cerned with this apparent sex difference in the development of the drug tolerance.
METHODS
Details for the experimental techniques and the apparatus for the estimation of the conditioned avoidance response as well as evaluation of the tranquillizing activity of the drug were described in the preceding paper (1) .
Male and female rats of the Donryu strain which had been trained to avoid the conditioned stimuli were castrated under a pentobarbital anesthesia 8 days prior to the initiation of the experiment. The rats submitted to the sham-operation served as the control. The conditioned avoidance response was estimated immediately before and every three hours after the subcutaneous injection of thioridazine at a dose of 12.5 mg per kg body weight. Testosterone enanthate*, estradiol dipropionate* and estradiol benzoate* were injected intramuscularly into rats after suspended in olive oil. 
RESULTS
The effect of thioridazine in the intact male and female rats Table 1 shows the inhibitory action of thioridazine on the conditioned avoidance response of male and female rats obtained for the 4 hours estimation time and for the 5th-8th period in the chronic treatment as described in the preceding paper. As is seen in the upper part of Table 1 , the inhibitory action of thioridazine was no longer ob served in the male rat as a result of the drug-tolerance (1), while the female rats treated with the drug apparently failed to escape from the stimuli more frequently than the non-treated rats. This can be comfirmed by "the analysis of variance" listed in the lower part of Table 1 in which variance due to sex difference was signi ficant. Moreover, the term due to the treat ment interaction between male and female (S X T in Table 1 ) was highly significant, indicating that the effect of thioridazine was profoundly influenced by the sex of the animal.
The response of the castrated rat to the repeated treatment with thioridazine
Male and female rats, together with their respective castrates, were maintained in a daily dose of 12.5 mg of thioridazine and tested for the conditioned avoidance response. Fig. 1 shows that at the 3 hour estimation time an abrupt decline was not ed during the first five days in the response of the male rats to thioridazine, while the castrates became tolerant very gradually.
Female rats failed to develop tolerance to the drug through the course of the experi ment shown in Fig. 1 , whereas the block ing action of thioridazine on the female castrates was gradually reduced until no difference was observed in their response from the male and the male castrates at the 9-11th day of the experiment. Rats trained to escape from the stimuli were injected with 12.5 mg of thioridazine (treated) or saline solution (control).
The conditioned avoidance response was estimated immediately before (initial estimation time) and 4 hours after (4 hours estimation time) the administra tion of the drug or saline. This experimental procedure was repeated every day and the data obtained for successive three days (1 period) were combined. The figures in the top of the table represent the mean value (within a period) for the difference in frequencies of non-respond ing to the stimuli (times per ten trials) between at the initial estimation time and at the 4 hour estimation time.
The bottom of this table shows the analysis of variance for the upper data.
Effect of sex hormones on the action of thiorida zine in the castrated rat
At the 12th day of the experiment, testo sterone and estradiol were injected into the male castrates and female castrates respec tively. It can be seen in Fig. 2 that injection of estradiol into the female castrates resulted in a complete abolition of the tolerance to thioridazine. The drug tolerance was observed in all other groups of the rats ; i.e., male, male castrates and females. Thioridazine, at a dose of 12.5 mg per kg body weight, was subcutaneously injected at zero time and the conditioned avoidance response was determined at every 3 hours for 9 hours.
Each point represents the mean value of six rats.
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Male ---. Effect of estradiol on the action of thioridazine in the male and female rats At the 24th day of the experiment, higher dose of estradiol was injected into all the rats but the sham-operated males. Fig. 3 illustrated that the injection of estradiol Effect of testosterone on the action of thioridazine in the male and female rats At the 33rd day of the experiment, estradiol was injected into all the groups of the rat. In the following three days, all the animals, including the sham-operated males, responded to estradiol by refraining from avoiding the stimuli after the injection of thioridazine (Fig. 4) . When the highest response to thioridazine was regained, testosterone was injected into all the rats. As is seen in Fig. 4 , the injection of testosterone caused a marked and prompt disappearance of the blocking action of thioridazine on the con ditioned avoidance response, irrespective of the sex and extirpation of the sex gland.
DISCUSSION
From the data presented here, it may be assumed that an apparent sex difference in the conditioned avoidance response of the thioridazine-treated rat is due to a modi fication of the metabolic rate of thioridazine in the presence of sex hormones, rather than to a difference of susceptibility of the central nervous system to the psychotropic drugs between male and female. The experimental basis favoring for this assumption is as follows :
1) Both the suppressive action of testosterone and potentiating action of estradiol on the thioridazine-induced inhibition appeared rapidly following the administration of the hormone.
2) The effect of sex hormones was observed to a similar extent whether the rats treated with the hormone had been subjected to the extirpation of the gland or to the sham-operation.
3) Cross treatment with hormones, i.e., injection of androgen into the sham-operated female and estrogen into the male was also effective to a degree comparable to the action of either hormone on the respective sex of the rat. Such assumptions are also consistent with the findings by other investigators (2-4) that sex differences in the action of the agents pertaining to the nervous activity, such as barbiturate, was due to the direct influence of sex hormones on the catabolism of the drug. This also lend a support to the former suggestion (1) that development of tolerance to the psychotropic drugs may be due to the activation of the metabolic rate of the drug during the chronic treatment of the rat.
It appears to be impossible to decide whether androgen or estrogen is more directly involved in the metabolism of thioridazine. The finding that a cross treatment was also effective might suggest that the metabolic rate of thioridazine is mainly dependent on the relative concentration of androgen and estrogen. Further study is now in progress to decide the site of the action of sex hormones in the metabolic pathway of thioridazine.
Since a significant sex difference was observed in the tolerance of the rat to thiorida zine, influence of the sex hormones on the thioridazine-induced blockage of the condi tioned avoidance response was studied in male and female rats as well as their respec tive castrates. Estradiol was found to potentiate the inhibitory action of thioridazine , while the injection of testosterone resulted in the abolition of the inhibition , irrespective of the sex and the pretreatment of the rat.
A possible involvement of sex hormones in the metabolism of thioridazine was dis cussed.
